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Fig. 12. Co-occurence of selected micro- and macrofossils in the Porzecze I1G 5A borehole (Kielce region)
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C - conodonts after Malec (2002); ostracods and foraminifers after Malec (1979, 1984c, 1992); B — brachiopods after
Malec (1984c); strata occur in the reversed position in the Porzecze I1G 5A borehole; other explanations as in Figure 10
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Table 8

Stratigraphic ranges of selected foraminifers in the Emsian/Eifelian boundary interval from the £ysogéry region
of the Holy Cross Mts.

LOWER DEVONIAN MIDDLE DEVONIAN
CHRONOSTRATIGRAPHY
EMSIAN EIFELIAN
serotinus patulus partitus costatus CONODONT ZONES
Z.FM. GRZEGORZOWICE FORMATION W. FM. LITHOSTRATIGRAPHY

Webbinelloidea similis Stewart et Lampe
Psamosphaera cava Moreman
Stegnammina sp.

Tolypammina sp.

Ammodiscus similis Duszynska
Hyperammina couviniana Duszynska
Sorosphaera columbiense Stewart et Lampe
Reophax wydryszowiensis Duszynska
Saccarena sp.

Hyperammina sp.

Thurammina sp.

Hemisphaerammina sp.

Pseudopalmula palmuloides Cushman et Stainbrook
Pseudopalmula polonica Duszynska
Pseudopalmula aff. extremitata Bykova
Semitextularia thomasi Miller et Carmer
Amphitremoida pajchlowae Malec
Lagenammina silnica Malec

Saccammina scutella Malec

Combined after Duszyriska (1959), Malec (1984c, 2002, 2003b, 2007, 2008); explanations as in Table 4

Table 9

Stratigraphic ranges of selected foraminifers in the Emsian/Eifelian boundary interval
from the Kielce region of the Holy Cross Mts.

LOWER DEVONIAN MIDDLE DEVONIAN
CHRONOSTRATIGRAPHY
EMSIAN EIFELIAN
serotinus patulus partitus costatus CONODONT ZONES

bdm

LITHOSTRATIGRAPHY

WINNA FM. I@ dm

Webbinelloidea similis Stewart et Lampe
Tolypammina sp.

Hyperammina sp.

Amphitremoida kielcensis Malec
Amphitremoida pajchlowae Malec
Lagenammina silnica Malec

Saccammina guerichi Malec

Saccamina scutella Malec
Hemisphaerammina sp.

Sorosphaera columbiense Stewart et Lampe

Combined after Malec (1979, 1984a, b, 1986b, 1992), Tarnowska and Malec (1987), Malec and Studencki (1988);

explanations as in Table 5

The Pro Subzone correlates with the upper patulus Zone and
with the lowermost part of the partitus Zone. The
Emsian/Eifelian boundary is placed within this subzone. The
Vel Subzone is correlated with the upper part of the partitus
Zone and the lower part of the costatus Zone.

A co-occurrence of conodonts of the patulus Zone with
spores of the Pro Subzone was recorded in the Bukowa Gora
Claystone Member of Bukowa Goéra Quarry, in the

Wydryszéw Limestone Member of the Chetmowa 3 (81.0 and
93.0 m) and Kowalkowice 1 (156.0, 166.0, 178.0 and 194.0 m)
boreholes as well as in the Bukowa Géra Claystone Member
(164.0 and 179.0 m) and Wydryszéw Limestone Member
(88.0, 112.0 and 125.0 m) of the Jeziorko 1 borehole (e.g.,
Filipiak, 2011) and Wydryszéw Limestone Member of the
Modrzewie 2A (81.0, 89.0, 97.0 and 109.0 m) borehole in the
Lysogéry region. Conodonts of the partitus Zone co-occur
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with spores of the Vel Subzone in the Dgbrowa Limestone
Member of the Dyminy 2A (96.0, 99.0, 102.0, 106.0 and
110.0 m) borehole and Zbrza | trench (e.g., Filipiak, 2011) in
the Kielce region.

Three main ostracod assemblages have been recorded in
the Emsian and lower Eifelian of the £.ysogoéry region. The old-
est is present in the middle part of the Zagdrze Formation, the
middle one occurs in the lower part of the Grzegorzowice For-
mation, in the upper part of the serotinus Zone and in the
patulus Zone from the upper Emsian, and the youngest in the
upper part of the Grzegorzowice Formation, within the partitus
Zone and in the lower part of costatus Zone of the lower
Eifelian. In the Kielce region, two main ostracod assemblages
have been distinguished at the Emsian/Eifelian boundary: in
the upper Emsian patulus Zone and in the lower Eifelian
partitus Zone. In both regions, the upper Emsian and lower
Eifelian ostracod assemblages have a similar taxonomic com-
position.

In the upper Emsian of the Lysogory region, in the upper
part of the serotinus Zone and in the patulus Zone there occurs
a rich assemblage of mainly agglutinated foraminifers with mi-
nor calcareous foraminifers. In the Kielce region, agglutinated
foraminifers have been documented in the upper Emsian
patulus Zone within the pyrite-bearing and sideritic claystone
member as well as in the lower Eifelian limestones of the
Dabrowa Limestone Member.

CONCLUSIONS

1. Four palynozones: PW, AB, FD and AP have been iden-
tified in the uppermost Pragian, Emsian and lower Eifelian in
the HCM and correlated to lithostratigraphical units. In the
Lysogdry region the middle and upper part of the Barcza For-
mation is palynologically dated to the Su Subzone of PW Zone
and the AB Zone (upper Pragian—lower Emsian), the lower part
of the Zag6rze Formation is dated to the AB Zone and the Fov
Subzone of the FD Zone (lower Emsian), the upper part of the
Zag6rze Formation can be correlated to the Min Subzone of the
FD Zone and the Cor Subzone of the AP Zone (upper Emsian).
The Grzegorzowice Formation is dated to the AP Zone and its
subzones: the lower part of the Bukowa Goéra Claystone Mem-
ber to the Cor Subzone (upper Emsian), the upper part of the
Bukowa Godra Claystone Member, the Wydryszéw Limestone
Member, the Kapkazy Sandsone Member and the lower part of
the Zachetmie Mudstone and Sandstone Member to the Pro
Subzone (uppermost Emsian—lowermost Eifelian) and the up-
per part of the Zachetmie Mudstone and Sandstone Member to
the Vel Subzone (lower Eifelian). In the Kielce region the up-
per part of the Haliszka Formation is correlated to the Su
Subzone and the upper part to the AB Zone. The lower sand-
stone member of the Winna Formation is dated to the Fov
Subzone of the FD Zone, the mudstone member can be corre-
lated to the Min and Cor subzones, the upper sandstone mem-
ber of the Winna Formation as well as the pyrite-bearing and si-
deritic claystone member, the dolomite member and the lower-
most part of the Dabrowa Limestone Member are dated to the
Pro Subzone. The upper part of the Dabrowa Limestone Mem-

ber and bioturbated dolomite member can be correlated to the
Vel Subzone.

2. There are no differences in the taxonomic composition of
miospore assemblages characterizing particular zones and
subzones between the £ysogdry and Kielce regions. The older
assemblages are strongly dominated by apiculate spores, repre-
senting the Rhyniophyta, Trimerophyta and Pteridophyta. In
the younger assemblages the number of pseudomonosaccate
spores increases, which are the first representatives of the
Progymnospermophyta.

3. Four conodont zones have been distinguished in the
Emsian/Eifelian boundary interval of the Grzegorzowice For-
mation in the £ysogory region: two in the upper Emsian — the
serotinus and patulus zones, and two in the lower Eifelian — the
partitus and costatus zones. In the Kielce region the patulus
Zone have been recognized in the upper Emsian and the
partitus Zone in the lowermost Eifelian.

4. The co-occurrence of miospore subzones and conodont
zones was documented in the following lithostratigraphic units:
the upper part of the Bukowa Géra Claystone Member and the
Wydryszéw Limestone Member (Pro Subzone and patulus
Zone) and the Dgbrowa Limestone Member (Vel Subzone and
partitus Zone).

5. The Emsian and lower Eifelian succession of the
£ ysogdry region contains three main ostracod assemblages: the
oldest within the middle Emsian, the second in the upper part of
the serotinus Zone and in the patulus Zone and the youngest in
the partitus Zone and in the lower part of the costatus Zone. In
the Kielce region, two ostracod assemblages have been identi-
fied in the Emsian/Eifelian boundary interval, in the patulus
and partitus zones. In both regions the upper Emsian and lower
Eifelian ostracod assemblages are characterized by high taxo-
nomic similarity.

6. Within the upper Emsian in the upper part of the
serotinus Zone and in the patulus Zone of the £ysogory region
occurs a rich and diverse assemblage of agglutinated
foraminifers with minor calcareous foraminifers. In the Kielce
region, agglutinated foraminifers have been documented in the
pyrite-bearing and sideritic claystone member of the upper
Emsian in the patulus Zone and in the lower Eifelian Dgbrowa
Limestone Member. In both regions, lower Eifelian carbonates
are characterized by the presence of an abundant but low-diver-
sity foraminifer assemblage comprising mainly multicellular,
convex shells of Webbinelloidea similis Stewart et Lampe.

7. Joint analysis of palynological and microfaunal data show
that the Pragian/Emsian boundary lies within the lower part of
the Barcza Formation in the £ysogory region and in the lower
part of the Haliszka Formation in the Kielce region. The
Emsian/Eifelian boundary in the £ysogory region lies in the up-
per part of the Grzegorzowie Formation, in the lower part of the
Dabrowa Limestone Member and Zachetmie Mudstone and
Sandstone Member. In turn, in the Kielce region, this boundary
is located in several different lithological units related to different
contemoporary facies realms in this region: in the upper part of
the mudstone member and in the upper part of the upper sand-
stone member of the Winna Formation, just as in the pyrite-bear-
ing and sideritic claystones member, in the dolomite member and
in the lower part of the Dabrowa Limestone Member.
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8. Pyroclastic horizons T1-T4 described in the Lower De-
vonian of the Kielce region by Tarnowska (1999) are corre-
lated with the following palynological zones and subzones: T1
with the Su Subzone, T2 with the AB Zone, T3 and T4 within
the Cor and Pro subzones of the AP Zone.
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APPENDIX

Listing of spores encountered in the upper Pragian—lower Eifelian deposits of the Holy Cross Mountains

Acanthotriletes polygamus Naumova

Acanthotriletes similaris Kedo

Acanthotriletes teniuspinosus Naumova

Acanthotriletes sp.

Acinosporites acanthomammillatus Richardson

Acinosporites apiculatus (Streel) Streel

Acinosporites bellus (Arkhangelskaya) Steemans

Acinosporites crassus Riegel

Acinosporites lanceolatus Streel (Fig. 4A)

Acinosporites lindlarensis Riegel

Acinosporites lindlarensis Riegel var. lindlarensis McGregor et Camfield
(Fig. 4B)

Acinosporites lindlarensis var. minor Riegel

Acinosporites macrospinosus Richardson

Acinosporites minstereifelensis (Franke) Streel

Acinosporites obnubilus Turnau

Acinosporites sp.

Amicosporites cf. infraornatus Rodriguez

Amicosporites jonkeri (Riegel) Steemans (Fig. 7E)

Amicosporites cf. lobatus (Rodriguez) Steemans

Amicosporites streeli Steemans (Fig. 7F)

Amicosporites sp.

Anapiculatisporites acerosus (Naumova) Lanninger

Anapiculatisporites echinatus (Hoffmeister, Staplin et Malloy) Lanninger

Anapiculatisporites petilus Richardson

Anapiculatisporites sp.

Anaplanisporites extremus McGregor et Camfield
Ancyrospora ancyrea var. ancyrea Richardson
Ancyrospora eurypterota Riegel

Ancyrospora kedoae (Riegel) Turnau (Fig. 8H)
Ancyrospora loganii McGregor (Fig. 81)
Ancyrospora nettersheimensis Riegel

Ancyrospora sp.

Aneurospora sp.

Apiculatisporis erinaceus (Waltz) Moreau-Benoit
Apiculatisporis microconus Richardson
Apiculatisporites perpusillus (Naumova) McGregor
Apiculatisporites sp.

Apiculiretusispora arenorugosa McGregor (Fig. 3A)
Apiculiretusispora brandtii Streel (Fig. 3B)
Apiculiretusispora densicoronata Tiwari et Schaarschmidt
Apiculiretusispora leberidos McGregor et Camfield
Apiculiretusispora minor McGregor
Apiculiretusispora plicata (Allen) Streel (Fig. 3C)
Apiculiretusispora sp.

Archeozonotriletes sp.

Breconisporites breconensis Richardson, Streel, Hassan et Steemans
Breconisporites sp.

Brochotriletes bellatulus Steemans (Fig. 4F)
Brochotriletes foveolatus Naumova (Fig. 4G)
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Brochotriletes hudsonii McGregor et Camfield (Fig. 4H)

Brochotriletes rarus Arkhangelskaya

Brochotriletes robustus (Scott et Rouse) McGregor

Brochotriletes sp.

Calamospora atava (Naumova) McGregor

Calamospora microrugosa (Ibrahim) Schopf, Wilson et Bentall

Calamospora microrugosa (lbrahim) Schopf, Wilson et Bentall var. minor
Moreau-Benoit

Calamospora nigrata (Naumova) Allen

Calamospora pannucea Richardson

Calamospora sp.

Calyptosporites biornatus (Lanninger) Richardson (Fig. 8A)

Calyptosporites decorus Tiwari et Schaarschmidt

Calyptosporites heisdorfensis Riegel (Fig. 8B)

Calyptosporites radiatus Riegel (Fig. 8C)

Calyptosporites sp.

Camarazonotriletes sextantii McGregor et Camfield

Camptozonotriletes aliquantus Allen (Fig. 7J)

Camptozonotriletes caperatus McGregor (Fig. 7K)

Camptozonotriletes sp.

Chelinospora concinna Allen

Chelinospora cf. favosa (McGregor et Camfield) Steemans (Fig. 7B)

Chelinospora retorida Turnau

Chelinospora sp.

Cirratriradites variverrucatus McGregor

Cirratriradites sp.

Clivosispora verrucata var. convoluta McGregor

Clivosispora verrucata var. verrucata McGregor

Clivosispora sp. (Fig. 7G)

Convolutispora cerebra Butterworth et Williams

Coronaspora mariae Rodriguez (Fig. 7D)

Coronaspsora sp.

Corystisporites sp.

Cymbosporites fuscus Turnau

Cymbosporites paulus McGregor et Camfield

Cymbosporites proteus McGregor et Camfield

Cymbosporites cf. senex McGregor et Camfield

Cymbosporites yorkensis McGregor

Cymbosporites sp.

Densosporites sp.

Dibolisporites antiquus (Kedo) Arkhangelskaya

Dibolisporites apsogus (Tchibrikova) Tchibrikova

Dibolisporites bullatus (Allen) Richardson

Dibolisporites capitellatus (Tchibrikova) Arkhangelskaya

Dibolisporites conoides Moreau-Benoit

Dibolisporites echinaceus (Eisenack) Richardson emend. McGregor

Dibolisporites eifeliensis (Lanninger) McGregor (Fig. 3D)

Dibolisporites gibberosus (Naumova) var. major (Kedo) Richardson

Dibolisporites jakubowskae Fijatkowska-Mader

Dibolisporites nodosus Turnau

Dibolisporites pseudoreticulatus Tiwari et Schaarschmidt

Dibolisporites quebecensis McGregor

Dibolisporites radiatus Tiwari et Schaarschmidt

Dibolisporites rarispinosus Fijatkowska-Mader

Dibolisporites subgibberosus (Naumova) Turnau

Dibolisporites cf. triangulatus Tiwari et Schaarschmidt

Dibolisporites verrucosus (Kedo) comb. nov. (Fig. 3E)

Dibolisporites wetteldorfensis Lanninger (Fig. 3F)

Dibolisporites sp.

Dictyotriletes delicatus sp. nov. (Fig. 4C)

Dictyotriletes emsiensis (Allen) McGregor (Fig. 4D)

Dictyotriletes favosus McGregor et Camfield

Dictyotriletes cf. grandis Lanniger

Dictyotriletes minor Naumova

Dictyotriletes nigratus Naumova

Dictyotriletes subgranifer McGregor (Fig. 4E)

Dictyotriletes sp.

Emphanisporites annulatus McGregor (Fig. 41)

Emphanisporites decoratus Allen

Emphanisporites epicautus Richardson et Lister

Emphanisporites erraticus (Eisenack) McGregor

Emphanisporites foveolatus Schultz (Fig. 4J)

Emphanisporites mcgregori Cramer

Emphanisporites micrornatus Richardson et Lister

Emphanisporites micrornatus Richardson et Lister f. micrornatus
Steemans et Gerrinne

Emphanisporites minutus Allen

Emphanisporites neglectus Vigran

Emphanisporites novellus McGregor et Camfield

Emphanisporites obscurus McGregor

Emphanisporites orbicularis Turnau

Emphanisporites partitus Lanninger

Emphansporites patagiatus Allen

Emphanisporites pseudoerraticus Schultz

Emphanisporites radiatus (Schultz) Jakubowska (Fig. 4K)

Emphanisporites rotatus (McGregor) McGregor

Emphanisporites schultzii McGregor (Fig. 4L)

Emphanisporites sp.

Enigmophytospora simplex Virgan

Enigmophytospora sp.

aff. Foveolatitriletes sp.

Grandispora aculeata Fuglewicz et Prejbisz

Grandispora arduinnae (Riegel) Knight

Grandispora diamphida Allen

Grandispora douglastownense McGregor (Fig. 8D)

Grandispora cf. endemica (Tchibrikova) Tchibrikova (Fig. 8E)

Grandispora eximia (Allen) McGregor et Camfield

Grandispora inculta Allen

Grandispora macrotuberculata (Archangelskaya) McGregor

Grandispora megaformis (Richardson) McGregor

Grandispora micronata Tiwari et Schaarschmidt

Grandispora naumovii (Kedo) McGregor

Grandispora protea (Naumova) Moreau-Benoit (Fig. 8F)

Grandispora sanctaecruciensis Fijatkowska-Mader

Grandispora velata (Eisenack) Playford (Fig. 8G)

Grandispora sp.

Granulatisporites sp.

Hystricosporites brevispinosus sp. nov. (Fig. 3G)

Hystricosporites corystus Richardson (Fig. 3H)

Hystricosporites gravis Owens

Hystricosporites microancyreus Riegel

Hystricosporites mitratus Allen (Fig. 31)

Hystricosporites porrectus (Balme et Hassel) Allen

Hystricosporites sp.

Iberospora sp.

Kraeuselisporites gaspensis McGregor (Fig. 7H)

Kraeuselisporites sp.

Leiotriletes adnatoides Potonié et Kremp

Leiotriletes marginalis McGregor

Leiotriletes microrugosus (Ibrahim) Naumova

Leiotriletes minutissimus Naumova

Leiotriletes ornatus Ischenko

Leiotriletes pagius Allen

Leiotriletes priddyi Potonié et Kremp

Leiotriletes rotundus Naumova

Leiotriletes simplex Naumova

Leiotriletes sphaerotriangulus (Losse) Potonié et Kremp

Leiotriletes tecta Moreau-Benoit

Leiotriletes sp.

Lycopodiacidites ogygius McGregor

Membrabaculisporis cf. radiatus (Naumova) Arkhangelskaya (Fig.71)

Oculatisporites mirandus Arkhangelskaya (Fig. 7L)

Perotrilites sp.

Procoronaspora spinulosa Turnau et Jakubowska
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Procoronaspora sp. Rhabdosporites langii (Eisenack) Richardson
Punctatisporites confussus Richardson Rhabdosporites cf. parvulus Richardson

Punctatisporites sp. Rhabdosporites cf. scamnus Allen

Retusotriletes actinomorphus Tschibrikova Rhabdosporites sp.

Retusotriletes biarealis McGregor Rugulatisporites sp.

Retusotriletes communis Naumova Samarisporites rhenanus Riegel

Retusotriletes concinuus Kedo Samarisporites sp.

Retusotriletes dilutus (Hoffmeister) Richardson et Lister Sinuosisporites sp.

Retusotriletes distinctus Richardson Stenozonotriletes furtivus Allen

Retusotriletes dubiosus (Eisenack) Richardson emend. McGregor Stenozonotriletes incessus Allen

Retusotriletes goensis Lele et Streel Stenozonotriletes irregularis Schultz (Fig. 7C)

Retusotriletes greggsi McGregor Stenozonotriletes minimus McGregor et Camfield
Retusotriletes infrapunctatus Schultz Stenozonotriletes simplex Naumova

Retusotriletes maculatus McGregor et Camfield Stenozonotriletes sp.

Retusotriletes microgranulatus (Vigran) Streel Tholisporites chulus (Cramer) McGregor var. chulus Richardson et Lister
Retusotriletes ocellatus McGregor (Fig. 7A)

Retusotriletes opuleus Turnau Tholisporites divellomedium (Tchibrikova) Turnau
Retusotriletes pychovii Naumova Tholisporites salantaicus (Arkhangelskaya) Turnau
Retusotriletes pychovii Naumova var. major Naumova Tholisporites sp.

Retusotriletes rotundus (Streel) Streel Verrucosisporites grumosus (Naumova) Taug

Retusotriletes rugulatus Riegel \errucosisporites polygonalis Lanninger

Retusotriletes semizonalis McGregor Verrucosisporites rariverrucosus sp. nov. (Fig. 3J)
Retusotriletes simplex Naumova Verrucosisporites sp.

Retusotriletes cf. tenerimedium Tchibrikova Verruciretusispora dubia (Eisenack) Richardson et Rasul (Fig. 3K)
Retusotriletes triangulatus (Streel) Streel Verruciretusispora dubia (Eisenack) Richardson et Rasul var.
Retusotriletes warringtoni Richardson et Lister multitubrculata var. nov.

Retusotriletes sp. \erruciretusispora sp.



